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Abstract 
The paper presents the results of Operational Modal Analysis (OMA) of a weir on Odra river in Poland. The immediate reason 
for the dynamic analysis was the occurrence of clearly perceivable vibration of the weir in time of the high water level and big 
water discharge of the Odra river. The modal analysis was performed experimentally, using OMA. The experimental research 
and  measurements were performed when the level of water in river was rather low. The research will be continued when the high 
water level in river occurs in nearest future. 
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1. Structure of weir description 
The weir was built in the years 1916-1926 on the 260.7 km of Odra River, in order to increase the shipping depth 
within the Wroclaw Floodway System. The weir water level difference is 2.0 m. The weir, whose overall length is 
129.65 m, was made of reinforced concrete, with a granite siding. The weir consists of three spans separated by two 
piers: two external spans which are equipped with radial gates with the length of 39.30 m and a middle span with a 
length of 51.05 m, which is equipped with vertical-lift gate (Fig. 1). The external spans of the weir footbridge are 
docks. The dock is made up of: abutment (width – 3.50 m), weir sill (length – 30.2 m) and pier (width – 5.8 m). 
These elements are a monolithic construction. The thickness of the foundation of the dock structure is variable due to 
the closure of the segment and is from 2.40 m to 4.80 m. Middle span (between docks structures) is a slab with 
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dimensions 51×10×4.4 m, which is dilated from the piers with the use of Larssen sheet pilings which also occur 
from the upstream and downstream sides of weir docks. 
 
 
Fig. 1. Weir on Odra river in Wrocáaw. 
Access across the weir is ensured by a tree-span bridge supported on two piers and two abutments. The weir is 
connected to the right bank of the river by a 95.0 m long steel footbridge and to the left bank by a steel ladder. The 
central span of the footbridge is a 3D steel riveted truss with a length of 51.8 m and a width of 4.20 m (Fig. 1). 
Arched lattice girders of variable height - 2.90 m on supports and 5.0 m in the middle of the span (measured in the 
upper and lower belts) – form the support structure. Between the lower bridge truss belts is a bridge deck made of 
horizontal beams and cross-braces. On the deck are the guide rails for hoist trucks used to lift vertical gates and gate 
frames. The left and right footbridge spans are 30.60 m long and are also of lattice construction, but with a lighter 
structure. Main beams have a fixed height of 2.30 m. 
The external span is equipped with a 39.30 m long welded steel radial gate. A segment consists of a steel skin 
plate supported by a mesh grate. Two main horizontal girders of the segment are supported using 4 V-shaped arms 
affixed onto bearings attached to the deck of the weir. The middle   span can be closed with the use of 8 vertical-lift 
gates located in the guide bars of frames. The steel welded vertical-lift gate has the dimensions 4.65×6.34 m and 
consist of a steel skin plate supported by vertical ribs. The gate frames are of a lattice construction supported by the 
footbridge on top and the weir’s step on the bottom. The doors are 15.6 m high. The vertical-lift gates are electrically 
raised using the hoist trucks chains. In periods of strong flooding or icing the whole gate frames can be drawn using 
the hoist truck and slung horizontally under the bridge. 
2. Hydrodynamic excitation of weir  
The gates of the weirs may be subjected to significant variable loads during the flow of water. Hydrodynamic 
forces constitute an additional dynamic load (in addition to hydrostatic forces) and are among the essential long-
term loads, which should be accounted for in the design of each closing. Their omission or improper estimation may  
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lead to risks to the construction, as evidenced by numerous failures. The vertical-lift gate is an often used type of 
closure due to its advantages, i.e. the simplicity and rigidity of the structure and ease of installation, maintenance 
and repair. The disadvantage is the occurrence of hydraulic downpull forces on vertical-lift gates which are the 
result of the difference in the total vertical pressures [2]. Variable pressures are usually a result of the shear layer 
tear-off from the bottom edge of the gate, the impact of the stream emerging from the gate on its projections. 
The radial gates are also subject to variable hydrodynamic loads whose cause is different than in the case of 
vertical lift gates. Two possibilities exist. The first case occurs when the space under the gate is not sufficiently 
aerated and there is a feedback loop between the three elements – free falling nappe which oscillates, air closed in 
under-stream space, which passes the variable pressure to the surface of the structure and vibration of the structure. 
The second case of strongly variable hydrodynamic loads takes place when the radial gates are submerged by a high 
stream of overflow and a shear layer breaks away from the surface, creating a zone of cavitation. Because the 
phenomenon of the tear-off is not stable, the resultant value of hydrodynamic force that may excite vibration in the 
structure also changes. Literature describes many cases of vibration, especially resonant vibration, excitations in the 
structures and its influence on the failure of buildings [1], [3], [4], [5]. If the vibrations are not resonant in nature, 
they still have the long-term effect of faster wear of bearings and seals, and in the case of large amplitude loads, the 
occurrence of fatigue. The vibrations of the radial gates are transferred to the other elements of the structure and can 
negatively affect their durability. 
3. Brüel & Kjær’s platform for experimental vibration analysis – system PULSE™ 
Dynamic measurements were performed with the use of a Brüel & Kjær 34 channel PULSE™ system, see Fig. 2. 
The PULSE™ system we used can be divided into two independent parts, each of 17 input channels, all featuring 
the frequency range of DC to 25.6 kHz. Because the 3560 PULSE measurement system contains Dyn-X acquisition 
modules, all inputs reach the dynamic range of 160 dB with ideal linearity and phase matching. The system has been 
equipped with 17 input channels multi-analyzer PULSE 3560-C (see Fig. 1a) and transducers intended for the 
purpose of experimental Modal Analysis – a set of 15 seismic high sensitivity accelerometers DeltaTron 8340 
(Fig. 1b). Each accelerometer DeltaTron 8340 has a mass – 775g and sensitivity – 1mV/ms-2. 
 
 
Fig. 2. System  PULSE™:  (a) multi-analyzer PULSE 3560-C; (b) seismic accelerometer DeltaTron 8340.  
The OMA application has been equipped with all of the newest achievements in the field, including automatic 
search and detection of mode shapes, as well as automatic detection and removal of harmonic contents in the 
measured signal. The OMA package (Operational Modal Analysis Pro developed by: Structural Vibration Solutions 
A/S) applied by the authors contains 6 algorithms for obtaining eigenfrequencies and eigenforms: FDD (Frequency 
Domain Decomposition); EFDD (Enhanced Frequency Domain Decomposition); CFDD (Curve-Fit Frequency 
Domain Decomposition); SSI-UPC (Stochastic Subspace Identification-Unweighted Principle Components); SSI-PC 
(Stochastic Subspace Identification-Principle Components); SSI-CVA (Stochastic Subspace Identification-
Canonical Variate Analysis), [6], [7]. The first three algorithms belong to frequency domain, the rest of the them – 
to time domain analyses [1]. The method is based on the idea of replacing the response of a discrete system with a 
sum of responses of many one-degree-of-freedom systems. In algorithms 4-6, the stochastic subspace identification 
method is used. This method is based on the equation of state of a dynamic system and its decomposition using 
Kalman filtration [8]. 
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4. Dynamic measurements 
Measurements were taken using a 17-channel measuring front-end multi-analyzer type 3560, part of system 
PULSE Brüel & Kjær (fig. 2a) and 15 seismic accelerometers DeltaTron type 8340 (Fig. 2b). Measurements were 
performed on one symmetrical part of the object (fig. 3). 
 
     
Fig. 3. (a) View of the measuring points (b) scheme of arrangement of accelerometers (in blue – reference accelerometers) 
The measurements took place in two settings:  
Configuration  1 – middle   span and the left pier at the same time (Fig. 4b) 
x 9 accelerometers on the middle   span, three accelerometers in each of 3 cross sections  
near the vertical member of the truss (columns) No 4, 8, 12 (fig. 5a and fig. 5b), First point 
x 3 accelerometers on the left pier at the top level (fig. 5c). 
Configuration  2 – left span and  the left pier at the same time (fig. 3b and fig. 4a)  
x 9 accelerometers on the left span, three accelerometers in each of 3 cross sections  
near the vertical member of the truss (columns) No 3, 5, 7 (fig. 5a and fig. 5b), 
x 3 accelerometers on the left pier at the top level (fig. 5c), 
x 3 accelerometers on the left on the lower level. 
 
Some sensors on the left pier were in both settings – marked in blue (fig. 3b and Fig. 4). They were base of 
reference sensors, making it possible to combine the measurements from both settings in one overall measurement, 
as if the measurements were performed for the entire object at the same time in the base of 24 sensors and 
measuring channels (fig. 3b). This allowed to carry out the modal analysis for the entire object. In the case of spans 
of the weir steel footbridge, cross sections were selected in the half, one quarter and three quarters of the spans 
lengths. In the case of the middle   span, the support structure is a truss with 17 fields with a length of 3.185 m, 
where the vertical members were ordered from 0 to 17, from left to right pier. In the case of left span the support 
structure is a truss with 10 fields with a length of 3.08 m, where the vertical members were ordered from 0 to 10 
from the left pier to the left bank of the river. The measure cross-sections were located near the vertical members No 
4, 8 and 12 of the middle   span, and near the vertical members No 3, 5 and 7 for the left span. 
In the left pier, measurements were taken on two levels, the top one at about + 118 m above sea level and lower 
one at + 110 m above sea level. The location of the measurement points along the object was to enable the 
identification of the basic modal forms and is typical for a bridge object. 
a b
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Rys. 4. Graph of accelerometer location for measurements: (a) left span and pier; (b) middle span.  
 
 
   
Fig. 5. Measurement points: (a) single-axis measurement; (b) double-axis measurement; (c) triple-axis measurement. 
The location of 3 sensors in each cross span of the weir footbridge (two in the vertical direction and one in the 
horizontal direction, fig. 3 and fig. 4) was chosen so as to provide the minimum base, necessary to identify vertical, 
horizontal and torsion modal forms of the object.  
Accelerations of vibrations of the weir were measured over a long period of time: for Configuration 1 two 
measurements lasting 30 minutes each and for Configuration 2 one measurement lasting 45 minutes. 
5. Results of OMA 
5.1. Middle   span 
Using OMA techniques 8 modal frequencies (tab. 1) and modal forms were detected. 
     Table 1. Modal frequency of middle span. 
No Modal frequency [Hz] Description of modal form 
1 2,40 First bending horizontal form  
2 4,20 First bending vertical form 
3 5,85 Second bending horizontal form 
4 8,585 Third bending horizontal form 
a b
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5 10,97 Second bending vertical form 
6 13,25; First torsional form 
7 15,52 Third bending vertical form 
8 16,55 Second torsional form 
 
The first and second modal forms are shown on Fig. 6. And Fig. 7 
 
 
Fig. 6. Modal form No 1 – 2,4 Hz (first horizontal bending one) 
 
 
Fig. 7. Modal form No 2 – 4,2 Hz (first vertical bending one) 
5.2. Left span 
Using OMA techniques 3 modal frequencies (tab. 2) and modal forms were detected.  
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     Table 2. Modal frequency of left span. 
No Modal frequency [Hz] Description of modal form 
1 2,475 First torsional form 
2 5,587 First bending vertical form 
3 7,025 First horizontal bending and simultaneously torsional form 
 
The first and second modal forms are shown on Fig. 8. And Fig. 9 
 
 
Fig. 8. Modal form No 1. – 2,475 Hz (first torsional one) 
 
 
Fig. 9. Modal form No 2. – 5,587 Hz (first vertical bending one) 
5.3. Left pier  
Using OMA techniques 4 modal frequencies (tab. 1) and modal forms were detected. The first modal form is 
shown in Fig. 8. 
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         Table 3. Modal frequency of left pillar. 
No Modal frequency [Hz] Description of modal form 
1 5,75 First bending horizontal form along the  bridge direction  
2 181,2 First axial – vertical form 
3 184 Second bending horizontal form along the  bridge direction 
4 206,2 Bending and axial simultaneously 
 
 
Fig. 10.  Modal form No 1 – 5,75 Hz (First bending horizontal form along the  bridge direction) 
6. Conclusions 
Using OMA algorithms (3 in the time domain and 3 in frequency domain) for the object as a whole, no fully 
compatible frequencies and modal forms were detected. However, in studies of individual elements of the weir (the 
central span, left span and the left pier) the modal frequencies shown in table 4 were found to be compatible. For 
spans, a compatibility of the basic modal frequencies occurs – shown in the first row of table 4. For all the structural 
elements there is a compatibility for modal frequencies shown in the second row of table 4. 
     Table 4. Compatible modal frequency of weir elements. 
No Middle   span Left span Left pier 
1 2,40 2,475 – 
2 5,85 5,587 5,75 
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